Through a collaborative effort of members of the Oak Ridge National Laboratory and Universities of Wisconsin and Tennessee, a comprehensive study of atoms and molecules using angle-resolved photoelectron spectroscopy and synchrotron radiation is underway at the Synchrotron Radiation Center, Stoughton, Wisconsin. Over 50 molecules and atoms have been investigated. These results, coupled with theory, aim at a better understanding of the dynamics of photoionization and of the wave functions that control these processes. In particular, attention is given to the following topics: metal atomic vapors, generalization of molecular orbital types, autoionization, shape resonances, core shell effects, satellite structure and the Cooper minimum.
Introduction
In the 1960's and early 1970's, Turner and others developed the field of molecular photoelectron spectroscopy, which is one of the more powerful experimental tools for studying the electronic structure of molecules. In this spectroscopy the use of a line source, usually the 21.22 eV HeI resonance line, plus the measurement of the kinetic energy of the ejected photoelectron provide the means of ascertaining the ionization potential for each of the valence orbital electrons. A photoelectron spectrum, however, gives more than a means of determining binding energies; it separates out the various ionization processes. The relative cross sections for the different photoionization events can be obtained from the relative intensities of the different photoelectron bands.
Some preliminary studies on cross sections were done with a few line sources;2 but any comprehensive studies require a continuously variable, high intensity photon source, which covers a wide energy range. Such a source is synchrotron radiation. With the use of synchrotron radiation, photoelectron spectroscopy has entered a new phase. In the past, photoelectron spectroscopy measured ionization potentials. In the present, the interest lies in cross sections and angular distribution measurements. In addition, the dynamics of the photoelectron process is of paramount importance. For this reason it is useful to call the present phase, photoelectron dynamics.
The data to be described in this paper are derived from angle-resolved photoelectron spectroscopy measurements using synchrotron radiation from the Wisconsin Synchrotron Radiation Center (Tantalus I). where P is the degree of polarization of the synchrotron light.
In this review we shall confine discussion to work carried out by the collaborative efforts of researchers from Oak Ridge National Laboratory, the University of Wisconsin and the University of Tennessee. The program is characterized by the wide variety and number of atomic and molecular systems studied. In addition to studies on the rare gases, atomic data have been obtained on several metal vapors. The number of molecular systems studied has now reached 50. They range from simple diatomic molecules to complex heterocyclic organic compounds. The program also cuts across a wide range of phenomena.
A close relationship between theory and experiment has been maintained in most of our studies. These data represent a challenge to the theoretician because the many-electron and many-channel interactions are difficult to treat. 
Autoionization
Autoionization offers an alternate route to direct photoionization. A two-step process can occur, whereby resonance absorption into an excited virtual state is followed by autoionization. The kinetic energy of the ejected electron can be identical for both direct photoionization and the two-step event, but the cross sections, the branching ratios of the vibrational bands and the 6 values can be entirely different for the different ionization routes. Sharp changes in cross sections and S values due to autoionization as a function of photon energies are a common feature, particularly up to about 10 volts above the ionization threshold for a given orbital. We have recently examined such behavior in the first and second ionization bands of N20. 15 Extensive studies on autoionization have been also carried out elsewhere. 16 In Core shell effects as revealed by photoelectron spectroscopy should prove to be a fruitful area of study in the future.
Satellite Structure in Molecular Spectra
A principal band in photoelectron spectra arises from the removal of an electron from an atomic or molecular orbital, the remaining electrons relaxing to the single hold configuration. In addition, processes also occur in which one or more of the remaining electrons are found in excited states. These other processes are identified in photoelectron spectra as satellite structure. The study of the satellite structure as a function of photon energy should help elucidate the nature of its origin.
For example, our recent investigation of the fifth band of CS2 showed that it does not arise from photoionization of the 4cu orbital.27 In Fig. 5 Comparison between theory and experiment in Fig. 6 shows that the MSXa method does an excellent job in predicting the general properties of the Cooper minimum. Quantitatively, it predicts the Cooper minimum about 7 volts below experiment. However, this magnitude of error is also found in atomic calculations using the approximate Hartree-Slater potential. Good agreement between experiment and theory is also found32 in the Cooper minimum for the cross section of the three chlorine orbitals.
Examining the calculations more closely, it is found that while some lone pair orbitals (e.g., the 2Trg of CS227 and the 2t1 of CC1431 behave nearly like atomic orbitals, others have characteristics not explicable by analogy. It should be remembered that for molecular orbitals the orbital angular momentum (Q) is not a good quantum number. Molecular orbitals can be expressed as a sum of partial waves both for the initial bound orbital and the continuum. In practice the main contribution to the photoelectron cross sections is made by only a few of these partial waves. It is interesting to note that in the case of the bonding orbitals, which like the 50g of chlorine show a "partial Cooper minimum" (cf. Fig. 6 ) there occur contributions from matrix elements in the chlorine sphere corresponding to a p -* d transition. It is hoped that further analysis of the calculation will allow one to separate out the different effects that make up the cross section.
